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(54) Electric apparatus having heat radiating fin 

(57) An electric apparatus has a plurality of electric 
parts (102, 103) and a casing (101) made of electrically 
conductive material for accommodating therein or 
mounting thereon a plurality of electric parts. The cas- 
ing, which has a cavity therein, is provided with a plural- 
ity of projections (101) for radiating heat generated by 
the electric parts in the cavity. The casing is provided 
with openings for allowing a heat conductive medium to 
flow into and out of the casing. Further, an electric appa- 
ratus has a plurality of electric parts (1 02, 205, 206) and 
a casing made of electrically conductive material for 
accommodating therein or mounting thereon a plurality 
of electric parts. The casing is provided with openings 
for allowing a heat conductive medium to flow into and 
out of the casing. The casing is provided therein with a 
partition wall (301) which is made of electrically conduc- 
tive material for dividing the interior of the casing into a 
plurality of zones along a direction of a flow of the heat 
conductive medium. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an electric appara- s 
tus which uses an electric part that is large in heat gen- 
eration and that also becomes a source of generating 
electromagnetic noise and, in particular, to an electric 
apparatus which can be suitably used for an inverter, 
transformer or noise filter and can realize its size reduc- 
tion, high heat radiating efficiency and high electromag- 
netic shielding properties. 

There has been conventionally proposed an elec- 
tric apparatus in which a casing (case) for accommodat- 
ing therein an electric part providing a large quantity of 
heat generation is made of such heat conductive mate- 
rial as aluminum and the casing is provided on its out- 
side with heat radiating fin parts. 

Fig. 12 is an outside appearance of an electric 
apparatus provided with a conventional heat radiating 
fin. In the drawing, reference numeral 801 denotes a 
base, numeral 802 denotes a fin part, and 803 denotes 
a main body casing. Mounted on an outside of the cas- 
ing is the base 801 on which a row of many planar fin 
parts 802 are provided for heat radiation through the 
base 801 and the entire fin part row. 

For the purpose of increasing its heat radiation effi- 
ciency, the conventional electric apparatus is arranged 
to make a surface area (heat radiation surface) of the 
heat radiation fin as wide as possible. For this reason, 
when an electric part providing a relatively large quan- 
tity of heat generation is used, there has occurred such 
a problem that a volume ratio of the fin parts to the 
entire volume of the electric apparatus becomes large 
and thus the apparatus becomes large in size. 

In such an electric apparatus as an inverter or con- 
verter device using semiconductor switching elements 
such as GTOs (gate turn-off thyristors) or IGBTs (insu- 
lated gate bipolar transistors), there are many cases 
where electromagnetic noise externally radiated by the 
turning on and off operation of the switching element 
has an adverse influence on the other electronic parts 
within the apparatus or on electronic devices other than 
the apparatus. 

Further, as the number of electronic devices and 
the number of types used increase, electromagnetic 
noise generated by these devices has been increased. 
To avoid this, it is required for the electric apparatus to 
have such a high electromagnetic immunity that pre- 
vents the apparatus from being erroneously operated in 
response to external incoming noise. 

SUMMARY OF THE INVENTION 

The present invention provides an electric appara- 
tus which is high in heat radiation efficiency, excellent in 
electromagnetic shielding and immunity properties, and 
small in size. 



In accordance with an aspect of the present inven- 
tion, there is provided an electric apparatus which com- 
prises a plurality of electric parts and a casing made of 
electrically conductive material for accommodating 
therein or mounting thereon the plurality of electric 
parts, and which is characterized in that the casing hav- 
ing a cavity therein is provided with a plurality of projec- 
tions for radiating heat generated by the electric parts, 
and the casing is provided therein with openings for 
allowing a heat conductive medium to flow into and out 
of the casing. 

In accordance with another aspect of the present 
invention, there is provided an electric apparatus which 
comprises a plurality of electric parts and a casing 
made of electrically conductive material for accommo- 
dating therein or mounting thereon the plurality of elec- 
tric parts, and which is characterized in that the casing 
is provided therein with openings for allowing a heat 
conductive medium to flow into and out of the casing 
therethrough, and the casing is provided therein with a 
partition wall which is made of electrically conductive 
material for dividing an interior of the casing into a plu- 
rality of zones along a direction of a flow of the heat con- 
ductive medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a first embodiment of the present 
invention; 

Fig. 2 is a diagram for defining dimensions of a heat 
radiating fin; 

Fig. 3 is a diagram for explaining a relationship 
between an opening length of a slit and electromag- 
netic noise emitted therefrom; 
Fig. 4 shows a relationship between a longitudinal 
dimension, heat radiation and reduction ratio of 
shielding; 

Fig. 5 shows a second embodiment of the present 
invention; 

Fig. 6 shows a relationship between a skin depth of 
electromagnetic wave of an aluminum plate and fre- 
quency; 

Fig. 7 shows a relationship between the reduction 

ratio of shielding of the aluminum plate having a 

thickness of 0.78mm and frequency; 

Fig. 8 shows a third embodiment of the present 

invention; 

Fig. 9 shows a fourth embodiment of the present 
invention; 

Fig. 10 shows an example of a cover part; 

Fig. 1 1 is a circuit diagram of a noise filter and an 

inverter in Fig. 9; and 

Fig. 12 shows a structure of a prior art heat radiat- 
ing fin. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Embodiments of the present invention will be 
detailed with reference to the accompanying drawings 5 
in which the same parts are denoted by an identical ref- 
erence numeral. 

Fig. 1 shows a cross-sectional structure of a first 
embodiment of an electric apparatus of the present 
invention. A heat radiating fin 101 is made up of a cas- 10 
ing part for housing therein a group of electric parts 
B1 03 and a fin part of a plurality of planar fin projections 
parallel to each other, the casing and fin projections 
being integrally formed. An electric part A102 having a 
relatively great amount of heat generation is mounted 15 
on an upper side (a side opposite to a fin mounting side) 
of a base of the radiation fin. The group of electric parts 
B103 includes an electric part which forms a source of 
generating electromagnetic noise and an electric part 
more susceptible to the influence of the electromagnetic 20 
noise. The electric part A102 and the group of electric 
parts B103 are electrically interconnected by means of 
an electric wire 104. 

In the electric apparatus of the present invention, 
the fin part having a plurality of projected fins is provided 25 
on an inner side of the casing part on the side of a cavity 
inside thereof. In the embodiment of Fig. 1, the casing 
and planar fin part, which have the same cross-sec- 
tional shape, are extended in a direction perpendicular 
to the paper sheet plane and have openings (not 30 
shown) at their both sides. Such heat conductive 
medium as airflows through the interior of the casing in 
the direction perpendicular to the paper sheet plane to 
thereby cause heat generated by electric parts to be 
emitted from the openings to exterior of the electric 35 
apparatus. Spontaneous convection or provision of a 
blowing fan at the openings causes the heat conductive 
medium to flow through the interior of the casing. Heat 
generated by the electric parts as well as heat transmit- 
ted from the outer side of the casing and from the elec- 40 
trie part mounted on the outer side of the casing are 
externally emitted. 

In this way, the electric apparatus of the present 
embodiment can be made wide in its heat radiating area 
and large in its heat radiating efficiency. Further, since 45 
the casing and projected fin part are integrally molded, 
the casing and fin part can be made small in its thermal 
resistance and be further improved in its heat radiating 
efficiency. 

The electric part is directly mounted on the heat 50 
radiating fin 101, and the radiation fin also functions as 
a supporting member for carrying thereon a plurality of 
electric parts. For this reason, the total number of parts 
in the overall apparatus can be reduced and therefore 
the apparatus can be made small in size. 55 

When the radiation fin 101 is made of electrically 
conductive material, for example, metal such as alumi- 
num or a carbon/carbon composite, the group of electric 



parts B103 surrounded by the radiation fin 101 are elec- 
tromagnetically shielded from the exterior. For this rea- 
son, when the group of electric parts B103 are more 
easily susceptible to the influence of externally-gener- 
ated noise, damage thereof by the external incoming 
noise can be suppressed. When the group of electric 
parts B103 generate electromagnetic noise, the noise 
can be shielded by the radiation fin 101 to minimize the 
influences of the noise on the other devices. Further, 
when the radiation fin 101 is made of such magnetic 
material as ferrite, magnetic shielding can be estab- 
lished. 

When the electric wire 104 is replaced by an optical 
fiber or coaxial cable for transmitting signals between 
the electric part A102 and the group of electric parts 
B103 therethrough, the influences of external electro- 
magnetic noise on the above electric parts can be sup- 
pressed and externally-radiating electromagnetic noise 
can be further reduced. 

When the radiation fin 1 01 is made of a carbon/rub- 
ber composite which is larger in elasticity than metal, 
the radiation fin 101 can have, in addition to the afore- 
mentioned function, another function of absorbing vibra- 
tion and damping sound. This results in that mechanical 
vibration and noise in the electric apparatus can be sup- 
pressed. 

The radiation fin 101 is manufactured by a die-cast- 
ing, sheet metal working, injection molding or the like 
method. When it is desired to obtain a complicated 
shape, the fin manufacturing is effectively carried out by 
the die casting. Further, when the flowing direction of 
the heat conductive medium, or in other words, the 
cross-sectional shape in the direction perpendicular to 
the paper sheet plane is constant, use of the injection 
molding method make it easy to manufacture the fin, 
thereby reducing its manufacturing costs. 

In the present embodiment, when the radiation fin 
101 is made of, e.g., aluminum and when the electric 
part A102 is an inverter and the group of electric parts 
B103 is a noise filter, there can be realized an inverter 
apparatus which is small in its electromagnetic noise 
and large in its electromagnetic immunity. When the 
radiation fin 101 is made of a carbon/rubber composite 
and when the electric part A1 02 is a transformer and the 
group of electric parts B103 includes a relay and a con- 
trol device therefor, further, there can be realized a 
switching power supply which avoids its erroneous 
operation caused by electromagnetic noise and pro- 
duces less vibration and noise during operation of the 
relay. 

As has been explained above, in accordance with 
the electric apparatus of the present embodiment, there 
can be realized an electric apparatus which is good in 
its heat radiating properties and small in external radia- 
tion of electromagnetic noise. The heat radiation and 
the electromagnetic noise radiation from the interior of 
the casing are carried out through the openings of the 
casing. Explanation will next be made as to a relation- 
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ship between dimensions of the openings provided to 
the radiation fin 101 and the degree of heat radiation 
and electromagnetic shielding. 

Fig. 2 shows dimensions of parts of the casing part 
of the radiation fin 101. It is assumed that L denotes a 
length of heat conductive medium in its flow direction of 
heat conductive medium indicated by arrows, H denotes 
a longitudinal dimension of a cross section of the casing 
vertical to the flowing direction, and W denotes a width 
dimension of the cross section thereof. 

Fig. 3 shows shielding effects of the radiation fin 
against electromagnetic noise externally radiated from 
the opening (which area being H x W) illustrated as 
located at a front side in Fig. 2, when an electromag- 
netic noise generation source is placed in the interior of 
the radiation fin 101. Ordinate denotes an opening 
length, i.e., a diagonal length of the opening having an 
area of H x W, and abscissa denotes frequency of the 
electromagnetic noise. Electromagnetic noise having a 
component having a wavelength (frequency) corre- 
sponding to the opening length leaks from the opening. 
In the drawing, a solid line denotes a maximum of the 
opening length providing a shielding effect of 20dB with 
respect to each frequency of the electromagnetic noise, 
and a dotted line denotes a maximum of the opening 
length providing a shielding effect of 34dB. 

For example, when it is necessary to shield by 20dB 
the electromagnetic noise up to 100MHz, the opening 
length is required to be set to be 15cm or less. When it 
is desired to shield by 34dB, the opening length is 
required to be set to be 3cm or less. Reversely, when 
the opening length is 15cm, it is possible to obtain a 
shielding of 20dB against the electromagnetic noise of 
up to 100MHz. 

Explanation will then be made as to a relationship 
between the shape of the radiation fin and the heat radi- 
ating effect of the radiation fin and the electromagnetic 
shielding effect of the radiation fin against electromag- 
netic noise radiated from the interior of the radiation fin. 

Fig. 4 shows a relationship between the longitudinal 
dimension H and heat radiation of the radiation fin 101 
shown in Fig. 2 as well as a relationship between the 
longitudinal dimension H and a reduction ratio of shield- 
ing. In the drawing, the radiation fin was set to have the 
dimension L of 20cm, the dimension W of 10cm and a 
fin thickness 1 of 1 cm. It was also assumed that the radi- 
ation fin is made of aluminum (having a heat conduction 
ratio XT of 250W/(m * K)), a junction between the radia- 
tion fin and the electric part A102 having an amount of 
heat generation larger therethan has a temperature Ta 
of 120°C, the heat conductive medium (air) has a tem- 
perature Tb of 20°C, and a heat transfer coefficient h is 
1000W/(m 2 • K). it was further assumed that the group 
of electric parts B103 generate electromagnetic noise of 
100MHz. In the drawing, a solid line shows a relation- 
ship between the longitudinal dimension H and reduc- 
tion ratio of shielding while a dotted line shows a 
relationship between the longitudinal dimension H and 



heat radiation. 

Explanation will first be made as to the relationship 
between the longitudinal dimension H and heat radia- 
tion. When the longitudinal dimension is 30cm or less, 

5 the heat radiation is proportional to the longitudinal 
dimension. When the longitudinal dimension is 10cm or 
more, the heat radiation becomes 300kW or more. Fur- 
ther, when the longitudinal dimension is 30cm or more, 
the heat radiation exhibits a saturation tendency. 

10 In general, when an area of the heat radiation sur- 
face of a heat radiator is denoted by A (m 2 ), heat radia- 
tion q is expressed by following equation (1). 

q = KA (Ta - Tb) (1) 

15 

Where, Ta denotes a temperature of a heating sur- 
face of a heat radiator heated thereby, Tb denotes a 
temperature of a heat conductive medium, and K 
denotes an overall heat transfer coefficient. The overall 
so heat transfer coefficient K, a heat conduction ratio XT of 
the heat radiator, a distance X from the heating surface 
to the heat radiating surface, and a heat transfer coeffi- 
cient h between the heat radiator and heat conductive 
medium satisfy a following equation (2). 

25 

1/K = XA,T+1/h (2) 

The area A of the heat radiation surface is 
increased as the longitudinal dimension H increases, 

30 whereas, the longitudinal dimension H is proportional to 
the heat radiation q. However, as the longitudinal 
dimension further increases, the quantity of heat propa- 
gating through the fin in the vertical direction is 
decreased and the quantity of heat radiation at the 

35 lower part of the fin is also decreased. This eventually 
results in that the total quantity of heat radiation is satu- 
rated. Explanation will next be made as to a relationship 
between the longitudinal dimension H and the reduction 
ratio of shielding of electromagnetic noise. The theory 

40 for opening face antenna is applied to the heat radiating 
fin having such a shape as shown in Fig. 2 to find a 
reduction ratio of shielding. Assume now that the open- 
ing has a face area of A (m 2 ), the electromagnetic noise 
has a wavelength of X (m), a gain coefficient is denoted 

45 by g. Then a reduction ratio of shielding G is approxi- 
mated as a following equation (3). 

G « X 2 /(4nHWg) (3) 

so When X, g and W are constant, the reduction ratio 
of shielding G is inversely proportional to the longitudi- 
nal dimension H of the opening of the radiation fin. 
When the longitudinal dimension H is 10cm, the reduc- 
tion ratio of shielding becomes 30dB or more. 

55 As has been mentioned above, the heat radiation q 
increases with increased longitudinal dimension H, 
whereas, the reduction ratio of shielding G decreases 
with the increased longitudinal dimension H of the radi- 
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ation fin. Within a dimensional range of a typical electric 
apparatus, however, the reduction ratio of shielding can 
be made compatible with the heat radiation in a practi- 
cal range. 

Fig. 5 shows a cross-sectional structure of a sec- 5 
ond embodiment of the electric apparatus of the present 
invention. In the drawing, reference numeral 201 
denotes a printed circuit board A, numeral 202 denotes 
a screw, 203 denotes a supporting piece, 204 denotes a 
printed circuit board B, 205 denotes an electric part C, w 
206 denotes an electric part D, and 207 denotes a fixing 
material. 

Among fin parts of the radiation fin 1 01 , the fin parts 
provided at both ends of the radiation fin are formed to 
be longer than the other fin parts to form part of the cas- 15 
ing. The electric part A102 having a relatively large heat 
radiation is mounted on an outer side of the radiation fin 
101 opposite to the plurality of fin parts. A group of elec- 
tric parts B103 is mounted on the printed circuit board 
A201 so that terminals of the electric parts are electri- 20 
cally connected to a printed wiring pattern (not shown) 
of the printed circuit board. The printed circuit board 
A201 is fixedly mounted to tip ends of the fin parts by 
means of the screws 202. The electric part C205 is 
inserted into a gap defined by the adjacent fin parts of 25 
the radiation fin 101 to be connected and fixed to the 
printed circuit board B204. The electric part D206 is 
inserted into a gap defined by the adjacent fin parts 
other than the adjacent fin parts of the electric part 
C205 and then fixed by means of the fixing material 30 
207. Terminals of the electric part C205 are connected 
to the printed circuit board B204. The printed circuit 
board B204 is fixed to the radiation fin 101 by means of 
the supporting pieces 203 integrally formed with the 
radiation fin 101. These electric parts and printed circuit 3s 
board are electrically connected each other by means of 
the electric wire 104. 

The printed circuit board A201 is arranged to face 
the tip ends of the fin parts at its rear side or less part- 
projected side opposite to its part mounting face. This 40 
arrangement enables prevention of generation of a tur- 
bulent flow of air as the heat conductive medium flowing 
into and out of a space defined by the fin and printed cir- 
cuit board A201 , and thus enables achievement of effi- 
cient heat radiation. 45 

The screws 202 are used to fasten parts each other 
or to electrically connect the parts and radiation fin 101 
each other. The screws may be replaced by an electri- 
cally conductive adhesive agent, a clamp or the like. 
The supporting pieces 203 are formed also to fasten the 50 
parts each other or to electrically connect the parts and 
radiation fin 101 each other. Only by sliding the printed 
circuit board in a direction perpendicular to the sheet 
plane, the printed circuit board can be fixed to the radi- 
ation fin. In place of the supporting pieces 203, other 65 
supporting parts such as screws or clamps may be 
used. When the supporting pieces 203 are integrally 
formed with the radiation fin 101, the numbers of parts 



and assembling steps can be reduced. 

The electric part C205 is a part which is susceptible 
to electromagnetic noise or a part which generates 
much electromagnetic noise. Since this electric part is 
disposed between the adjacent fin parts, the fin parts 
defining the electric part can function as electromag- 
netic shielding members and can prevent electromag- 
netic interference between parts. Further, since electric 
parts are disposed in spaces defined between the fin 
parts, which spaces have been conventionally used 
only for heat radiation; the spaces can be effectively 
used, thus realizing a small-sized apparatus. 

The fixing material 207 is material such as resin or 
adhesive agent which fastens electric parts. When an 
electric part to be fastened provides a large quantity of 
heat generation, a fixing material good in heat transfer 
property is employed, whereby heat generated by the 
electric part can be transmitted to the radiation fin and 
quickly radiated. When an electric part to be fastened is 
susceptible to heat, a fixing material having good heat 
insulating properties is used to thereby protect the elec- 
tric part thermally. 

Detailed explanation will next be made as to the 
principle of heat radiation and electromagnetic shielding 
in connection with a design example. 

It is assumed that the electric part A102 has a bot- 
tom surface of longitudinal and lateral dimensions of 
each 10cm, and the radiation fin 101 measures 10cm 
long by 10cm wide by 5cm high and is made of alumi- 
num. Also assumed is that a junction between the elec- 
tric part A102 and the radiation fin 101 has a 
temperature of 70°C with an ambient temperature of 
20°C and cooling is carried out based on spontaneous 
convection cooling. 

When the radiation fin (101) is designed so that the 
radiation fin 101 provides a maximum heat radiation, an 
optimum interfin interval between the adjacent fin parts 
of the fin 101 is 6.306mm, a sheet of fin part has a thick- 
ness of 0.784mm, and the number of such fin parts is 1 5 
(refer to a reference book entitled "Heat Conduction 
Handbook", February 25, 1993, issued by The Japan 
Society of Mechanical Engineers, p. 118, p. 119). It 
goes without saying that the interfin spacing of 
6.306mm complies with dimensions of general electric 
parts. 

Fig. 6 shows a relationship between the skin depth 
of electromagnetic wave and frequency of an aluminum 
plate. When electromagnetic wave penetrates into an 
electric conductor, this causes the conductor to produce 
an eddy current, whereby the electromagnetic wave is 
attenuated. When the electromagnetic wave is sub- 
jected to an attenuation of 8.686dB, a skin depth of 
electromagnetic wave 5 is given by a following equation 
(4). 

6 = VJ(nfna) (m) (4) 
where, f denotes a frequency (Hz) of the electro- 
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magnetic wave, \i denotes a permeability (H/m) of the 
electric conductor, and o- denotes a conductivity (S/m) 
of the conductor. 

In the drawing, the skin depth of electromagnetic 
wave 8 of the aluminum plate is found in accordance 
with the above equation (4) with respect to each fre- 
quency of the electromagnetic wave. Further, a reduc- 
tion ratio of shielding A is given by a following equation 
(5) using the skin depth of electromagnetic wave 8. 

A = 8.686 • 1/6 (dB) (5) 

where, t denotes the thickness (m) of the con- 
ductor. 

Shown in Fig. 7 is a result obtained by calculating a 
relationship between the reduction ratio of shielding and 
frequency of the aluminum plate having the thickness of 
0.784mm based on the above equation (5). It will be 
seen that a sheet of heat radiating fin part having the 
thickness of 0.784mm designed to provide a maximum 
heat radiation in the above has a shielding effect of, e.g., 
25dB for the electromagnetic wave of 0,1MHz. In the 
case where a plurality of such fin parts are provided and 
electric parts are disposed in spaces between the fin 
parts, reflection and absorption are repeated between 
the fin parts arranged in rows, which results in that the 
shielding effect can be further improved (multiple shield- 
ing). 

As has been explained in the foregoing, in accord- 
ance with the present embodiment, good heat radiation 
and good electromagnetic shielding can be obtained in 
the same manner. 

The radiation fin 101 can be manufactured by using 
the manufacturing method already explained in the first 
embodiment. In the present embodiment, when the 
electric part A102 is an inverter and another electric 
part is a noise filter, there can be provided an inverter 
apparatus which is small in generation of electromag- 
netic noise and large in electromagnetic immunity. 

Fig. 8 shows a third embodiment of the electric 
apparatus of the present invention, by a cross-sectional 
view taken along a line perpendicular to both the side 
face of the apparatus opposed to a plurality of fin parts 
and the fin mounting surface. 

The radiation fin 101 also partially forms part of the 
casing and a group of electric parts B103 are mounted 
in the interior of the casing. The electric part A102 pro- 
viding a relatively large quantity of heat generation is 
mounted outside of the heat radiating fin also used as 
part of the casing, so that three surfaces of the electric 
part are surrounded by the radiation fin 101. The radia- 
tion f in 101 has such a structure that extends in a direc- 
tion perpendicular to the sheet plane and that is open at 
its both sides. Provided in the interior of the casing is a 
partition wall 301 between the part A102-mounted side 
and the part-group B103 mounted side. Further formed 
between the partition wall 301 and the side wall having 
the electric part A102 mounted thereon are a plurality of 



10 

fin parts 10V extended parallel to each other to connect 
the both walls. Spaces defined by the both side walls 
and fin parts are designed to extend in the direction per- 
pendicular to the paper sheet plane, and are open to the 

5 exterior at their both sides to allow air as the heat con- 
ductive medium to flow therethrough. That is, provided 
in the interior of the casing along the flow direction of the 
heat conductive medium are partition walls (the partition 
wall 301 and fin parts 10 V) which divide the interior of 

w the casing into a plurality of space zones. 

The group of electric parts B103 including an elec- 
tric part as an electromagnetic noise generation source 
or an electric part easily susceptible to electromagnetic 
noise, is mounted inside of the casing. The electric part 

is A102 and the group of electric parts B103 are electri- 
cally connected by the electric wire 104. 

The radiation fin 101 has such a structure as to be 
contacted by 3 surfaces of the electric part A102, with 
the result that a contact area between the electric part A 

20 and heat radiating fin is increased to thereby enhance 
the heat radiating effect. Such a radiation fin can be 
manufactured by using the manufacturing method 
already mentioned in the first embodiment. 

Due the provision of the partition wall 301 , the heat 

25 conductive medium flowing between the plurality of fin 
parts 10 V will not come into contact with the group of 
electric parts B103. For this reason, heat can be effi- 
ciently radiated from the electric part A102 providing a 
relatively large quantity of heat generation while avoid- 

30 ing any disturbance of the heat conductive medium flow. 
When the radiation fin 101, fin parts 10V and partition 
wall 301 are integrally molded, the numbers of parts and 
assembling steps can be reduced. 

In accordance with the present embodiment, there 

35 can be provided an electric apparatus which has good 
heat radiating and electromagnetic shielding perform- 
ances and also is made small in size. 

Fig. 9 is a diagram when the electric apparatus of 
the present invention is applied to an inverter apparatus. 

40 in the drawing, reference numeral 401 denotes a cover, 
numeral 402 denotes an inverter, 403 denotes a noise 
filter, 404 denotes a terminal base, 405 denotes a 
through hole, and 406 denotes a slit. The inverter 402 is 
mounted on the heat radiation fin 101, and the noise fil- 

45 ter 403 is disposed below the inverter 402 as spaced by 
the fin parts and partition wall 301 . Further, the noise fil- 
ter 403 is electrically connected by the electric wire 104 
to the terminal base 404 provided on the inverter side 
and to an input of the inverter 402. The cover 401 is 

so mounted to cover inlets and outlets of the heat conduc- 
tive medium and also to cover an upper side of the 
inverter 402. 

A power supply line is passed through the through 
hole 405 made in the cover 401 , guided into the interior 
55 of the apparatus, and then connected to an input of the 
noise filter 403. Further, the inverter 402 is electrically 
connected to such a load as a motor by the power sup- 
ply line passed through the through hole 405. Since the 
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terminal base 404 is provided in the upper part of the 
apparatus, an assembling worker can easily conduct 
wiring works. 

The radiation fin 1 01 is used also as a part support- 
ing member and as a casing. Further, the shielding s 
effect of the fin and partition wall 301 causes the 
inverter 402 and noise filter 403 to be less susceptible to 
electromagnetic interference. 

Since a current is switched in the inverter 402, the 
inverter generates more heat and electromagnetic 10 
noise. Heat generated by the inverter is discharged out 
of the apparatus via the radiation fin 101. Further, con- 
ductive noise propagating via the electric line Is elimi- 
nated by the noise filter 403, while radioactive and 
inductive electromagnetic noise is shielded by the radi- 15 
ation fin 101 surrounding the inverter. 

When the radioactive electromagnetic noise has a 
high frequency, a longest dimension of the opening of 
the radiation fin 101 is designed to make small or the 
cover 401 is made of material having a high electromag- 20 
netic shielding effect to shied the electromagnetic noise 
with use of the radiation fin 101 and cover 401. The 
cover 401 is mounted so as to be brought into electri- 
cally positive contact with the radiation fin 101 . 

A front view of an example of the cover 401 is 25 
shown in Fig. 10. A through hole 41 1 for passage of the 
power line therethrough is used to pass a cable leading 
from a commercial power source therethrough and then 
to guide it into the inside of the apparatus. The power 
line is connected to a power line input terminal 412 30 
which in turn is connected by a electric line to a filter 
input terminal 531 provided under the terminal 412. A 
filter output terminal 536 leading to an output of the 
noise filter 403 is connected to an inverter input terminal 
521 positioned above the terminal 536. And an output of 35 
the inverter is connected to another device via an 
inverter output through hole 413. 

The electric line connecting the filter output terminal 
536 and inverter input terminal 521 as well as the elec- 
tric line leading from the output of the inverter are so- 40 
called 'dirt/ lines. The electric line connecting the power 
line input terminal 412 and filter input terminal 531 is a 
so-called 'clean' line, that is, a less-noise line which 
noise is removed by the noise filter 403. When these 
lines are disposed close to each other, the once- 45 
removed noise is again superimposed on the clean line. 
To avoid this, in Fig. 10, a shielding plate 414 for pre- 
venting electromagnetic induction between the lines is 
provided to extend vertically to the cover 401. The 
shielding plate 414 may comprise an integral molded so 
product made of the same material as the cover 401 if 
the material is electrically conductive. The shielding 
plate 41 4 also has a function of increasing the rigidity or 
strength of the cover 401. When the electric lines are 
disposed between the fin parts of the heat radiation fin 55 
in place of the provision of the shielding plate 414, elec- 
tromagnetic induction can be avoided. 

Fig. 1 1 is a circuit diagram of the noise filter and 



inverter shown in Fig. 9, in which reference numeral 501 
denotes a power source, numeral 502 denotes a motor, 
402 denotes an inverter, and 403 denotes a noise filter. 

The power source 501 is connected to the fitter 
input terminal 531, and the filter output terminal 536 is 
connected to the inverter input terminal 521 . Further, an 
inverter output terminal 526 is connected to the motor 
502. 

The noise filter 403 is made up of a cut core 532, an 
X capacitor 533, a choke coil 534 and a Y capacitor 535, 
The Y capacitor 535 is connected at its grounding termi- 
nal to the heat radiation fin. These elements act to 
remove conduction noise invaded from the power 
source side and noise propagated from the inverter 402 
and to transmit only power of a desired frequency to the 
inverter 402. 

The inverter 402 is made up of a diode bridge 522 
for rectifyingly converting an A.C. voltage to a D.C. volt- 
age, a smoothing capacitor 523 for smoothing a wave- 
form of the D.C. voltage immediately after its 
conversion, a switching element section 524 for switch- 
ing the D.C. voltage to generate an A.C. output of an 
arbitrary frequency, and an output filter 525 including 
the cut core and the like. 

The electric line connecting the filter output terminal 
536 and inverter input terminal 521 becomes a noise 
generation source because its noise components are 
not removed. Further, the inverter 402 and the noise fil- 
ter 403 also become noise generation sources. The 
noises generated by these elements are shielded by the 
radiation fin 101 and cover 401 as shown in Fig. 9, there 
is a less possibility that the noises are radiated exter- 
nally out of the apparatus. 

As has been explained in the foregoing, in the 
inverter apparatus to which the present invention is 
applied, the radiation fin 101 has, in addition to the heat 
radiating function, another function as a casing, a sup- 
porting member and an electromagnetic shielding 
material. Accordingly, the inverter apparatus can be 
made small in the size and the numbers of parts and 
assembling steps, be improved in its electromagnetic 
compatibility, and be made low in its costs. 

In accordance with the present invention, the heat 
radiation fin, in addition to the heat radiating function, 
also partially or wholly functions as the casing for sur- 
rounding whole or some of the electric parts, and also 
functions as the supporting member for supporting elec- 
tric parts. This enables reduction of the number of parts 
including the casing and the supporting part. Further, 
this enables reduction of the number of assembling 
steps in the electric apparatus. In addition, since the 
surface area of the fin can be increased, a heat radia- 
tion efficiency per unit volume of the apparatus can be 
improved and the overall apparatus can be made small 
in size. 

Furthermore, when the heat radiation fin is made of 
electrically conductive material or magnetic material, 
the radiation fin functions also as the electromagnetic 
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shielding material. This enables reduction of electro- 
magnetic mutual interference between the electric parts 
separated by the heat radiating fin parts, improvement 
of its electromagnetic immunity, and reduction of elec- 
tromagnetic wave radiated from the apparatus. 5 

In addition, when the heat radiation fin is made of 
elastic material, the radiation fin also functions as a 
vibration absorbing material and as a sound damping 
material. This enables suppression of mechanical vibra- 
tion and noise in the electric apparatus and electric 10 
parts. 

Claims 

1 . An electric apparatus comprising a plurality of elec- 15 
trie parts (102, 103) and a casing (101) made of 
electrically conductive material for accommodating 
therein or mounting thereon the plurality of electric 
parts, wherein said casing having a cavity therein is 
provided with a plurality of projections (101) for radi- 20 
ating heat generated by said electric parts, and said 
casing (101) is provided therein with openings for. 
allowing a heat conductive medium to flow into and 

out of the casing. 

25 

2. An electric apparatus as set forth in claim 1. 
wherein one (102) of said plurality of electric parts 
(102, 103) providing a relatively large quantity of 
heat radiation is mounted outside of said casing 
(101). 30 



rior of said casing into a plurality of zones along a 
direction of a flow of said heat conductive medium. 

7. An electric apparatus as set forth in claim 6, 
wherein one of said plurality of electric parts provid- 
ing a relatively large quantity of heat radiation is 
mounted outside of said casing. 

8. An electric apparatus as set forth in claim 6, 
wherein one of said plurality of electric parts gener- 
ating electromagnetic noise or easily susceptible to 
electromagnetic noise influence is mounted in 
desired one of said plurality of zones of the interior 
of said casing. 



3. An electric apparatus as set forth in ciaim 1, 
wherein one (103) of said plurality of electric parts 
(102, 103) generating electromagnetic noise or 
easily susceptible to electromagnetic noise influ- 35 
ence is mounted inside of said casing (101). 



4. An electric apparatus as set forth in claim 1, 
wherein one or some (205, 206) of said plurality of 
electric parts (102, 205, 206) are mounted to said 40 
projections provided inside of said casing (101). 



5. An electric apparatus as set forth in claim 1, 
wherein one or some (205, 206) of said plurality of 
electric parts are mounted in a space or spaces 45 
defined by said projections (101) provided inside of 
said casing (101). 



6. An electric apparatus comprising a plurality of elec- 
tric parts (102, 205, 206) and a casing (101) made so 
of electrically conductive material for accommodat- 
ing therein or mounting thereon the plurality of elec- 
tric parts (205, 206), wherein said casing (101) is 
provided therein with openings for allowing a heat 
conductive medium to flow into and out of said cas- 55 
ing therethrough, and said casing is provided 
therein with a partition wall (301) which is made of 
electrically conductive material for dividing an inte- 



tnOiD:<FP G8??e47A1 I > 



8 



EP 0 822 647 A1 



FIG. 1 




9 

4SDOCID: <EP 0822e47A1_l_> 



EP 0 822 647 A1 



FIG. 3 

1 0OOka 1 1 , 



100k= 




FREQUENCY (Hz) 



0fi??B47A1 I > 



10 



EP 0 822 647 A1 

FIG. 4 




JSDOCID: <EP 0322647A1 I > 



11 



EP 0 822 647 A1 



FIG. 6 



1000 




FREQUENCY (MHz) 



12 



EP 0 822 647 A1 



FIG. 7 



10000- 



m 

CD 
2 

Q 
_l 
UJ 

X 



O 
O 

< 



g 

>— 

o 

ZD 
Q 
111 
tr 



1000- 



100- 



10 



■ 1 M ""| 1 1 '"'"I — ' ' i| — i i i > i i n ; — i i nrTTTj — i i m ill 



0.01 0.1 1 10 100 

FREQUENCY (MHz) 



1000 10000 



13 



EP 0 822 647 A1 



FIG. 8 



102 




-101 



mm 



1 1 1 



\ 6 t t t t t t 

i 104 ^301 6 







103 



412 



411 

1 



FIG. 10 



-414 



-521 



413 



414 



406 



531 



7 



536 



401 



14 



EP 0 822 647 A1 




JSDCCID: <EP 0822647A1J_> 



15 



EP 0 822 647 A1 



FIG. 11 



402 



521 



-CD- 



i — 0- 



522 



T 

523 



-Ik 



525 

JL 



T 7 

524 



502 



£0 

1 ^526 



403 




535 



16 



EP 0 822 647 A1 




JSDOCID: <EP 0822847AlJ_> 



17 



EP 0 822 647 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appllcallon Number 

EP 97 11 3015 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
A 

A 
A 



Citation of document wilh indication, where appropriate, 
of relevant passages _____ 



US 4 015 173 A (NITSCHE) 

* column 4, line 53 - column 5, line 16 * 

EP 0 688 053 A (ABB MANAGEMENT AG) 

* column 4, line 13 - line 29 * 

SCHONHERR A: "NEW SIMOVERT V CONVERTERS 

SERIES 65E51/6SE52" 

SIEMENS ENERGY & AUTOMATION, 

vol. 9, no. SUPPL. 03, 1 September 1989, 

pages 12-14, XP000065746 

* page 14 * 

DE 44 10 061 A (MITSUBISHI DENKI K.K. ) 

* column 5, line 56 - column 6, line 50 * 



The present search report has been drawn up for alt claims 



Plica of search 

THE HAGUE 



Data of oompteilonol the search 

11 November 1997 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



1-3,6-8 

5 

1,6 
7,8 



H02M7/00 
H05K7/20 
H05K7/14 



7,8 



TECHNICAL FIELDS 
SEARCHED (Inl.CI.O) 



H02M 
H05K 



Toussalnt, F 



CATEGOBY OF CITED DOCUMENTS 

X : particularly relevant If taken along 

Y : particularly relevant It combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate dooument 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after (he filing date 
D : document cited In the application 
L : dooument cited for other reasons 

& : member of the earns patent family, correepondlng 
document 



18 



